The effects of processing parameters were investigated on the electrochemical oxidation of textile dyeing wastewater containing Acid Violet 7 (AV7) at Pt/Ir electrodes in the presence of 75% NaCl + 25% Na2CO3 (w/w) supporting electrolyte mixture in a batch electrochemical reactor. Experimental parameters were operated in the range of 300-1500 mg/L textile dye concentration, 4-20 g/L electrolyte concentration, 5-15 mA/cm 2 current density, and 20-60 °C reaction temperature. Energy consumption decreased with increasing textile dye concentration and electrolyte concentration, and decreasing the current density. In the study, energy consumption values were evaluated for textile dye decolorization (t=15 min) and chemical oxygen demand (COD) removal (t=120 min) as 2.7-23.3 kWh/kg dye decolorization and 50.9-317.9 kWh/kg COD removal, respectively.
INTRODUCTION
Textile wastewater is a hard-to-treat one due to its strong color, large amount of suspended solids, high chemical oxygen demand (COD), variable pH, salt content, and high temperature. salt, auxiliary chemicals, and temperature-controlled dye bath conditions enhance and optimize the efficiency of the dyeing process (1) . Typical dyeing processes use sodium chloride and sodium carbonate as common salts (2) .
Decolorization and removal of pollutants are major problems in dyeing process with salt elimination and water-use reduction as well (2) . The main source of dyeing wastewater is rinsing processes and spent dye bath which typically contains auxiliary chemicals, salt, and residual dye (2) . Wastewater from textile processes that can cause damage if not treated before discharging to the environment (3).
In the literature, treatment methods such as adsorption, biosorption, biodegradation, chemical oxidation, ozonization, coagulation, advanced oxidation, photocatalytic oxidation, electrocoagulation, and electrochemical oxidation have been investigated in order to remove various types of textile dyes, mainly photocatalytic degradation of Acid Violet 7 (AV7) dye was reported using Fe -fire clay (Fe-FC) catalyst exhibited the best photocatalytic activity at an initial pH 3 in the degradation of AV7 and its activity is significant up to pH 7. The authors achieved 77% AV7 dye degradation at 60 min with 20 mmol H2O2 at pH 7 in solar light It is known that textile dyeing processes contribute very high amount of salt, auxiliary chemicals, and textile dye in wastewater effluent that conventional treatment systems may be inefficient for the effective treatment of industrial textile wastewater in removing both salt and color in order to meet discharge limits (2) .
Electrochemical oxidation is a promising wastewater treatment method and replacing conventional processes in order to treat wastewater from industrial processes which are not easily biodegradable (2) . Electrolysis reactions involve electrical charges moving between the electrolyte and the electrodes. The process depends on the use of direct electric current for the chemical changes in non-spontaneous oxidation/reduction reactions. The minimum amount of electrical energy that must be provided should be equal to the change in Gibbs free energy of the reaction and the losses in the system.
In most cases, direct electrical input is larger than the enthalpic change of the reaction, so excess energy is released in the form of heat. Therefore, energy consumption in electrochemical processes should be optimized for its minimum use.
In this study, the electrochemical oxidation of Acid Violet 7 (AV7) textile dye using Pt/Ir electrodes was investigated, and the effects of process variables such as current density, electrolyte concentration, initial dye concentration, and reaction temperature on electrochemical oxidation were analyzed for optimum energy consumption.
MATERIALS AND METHODS

Chemicals and Materials
Acid Violet 7 (AV7) textile dye (Sigma Aldrich) (Figure 1 ), Na2CO3 and NaCl (Merck)
were purchased as extra pure grade. Textile dyeing wastewater was prepared synthetically using double distilled water. Double distilled water was obtained using ultrapure water system (Millipore Simplicity ® UV) and water still (GFL-2008) with the resistivity of 18.2 MΩ·cm@25°C, TOC < 5 ppb. 
RESULTS AND DISCUSSION
Textile dye concentration, current density, electrolyte (75% NaCl + 25% Na2CO3) concentration, and reaction temperature parameters were investigated on energy consumption in electrochemical oxidation of Acid Violet 7 (AV7) textile dye using Pt/Ir anodes. In this study, 75% NaCl + 25% Na2CO3 (w/w) mixture was used as a supporting electrolyte in order to increase the ionic conductivity of the reaction medium which are also main components in real textile industry wastewater (11).
Experimental results were analyzed using Design-Expert  10 software. Energy consumption values were calculated using Equations 1 and 2 (12) .
In Equations 1 and 2, ED%, ECOD%, Vm, i, Δt, Co, COD, d%, and VR are energy consumption for dye decolorization (kWh/kg dye decolorization), energy consumption for COD removal (kWh/kg COD removal), mean cell voltage (volt), current (ampere),
decolorization percent, and electrolyte volume (L), respectively.
In the study depending on electrochemical reaction conditions, energy consumption values were outlined in Table 1 for Acid Violet 7 textile dye decolorization (t = 15 min) and COD removal (t=120 min) as 2.7-18.9 kWh/kg dye decolorization and 51.0-190.7
kWh/kg COD removal, respectively. Energy consumption for dye decolorization was obtained as much lower than COD removal due to the degradation of azo bond is the first step of the electrochemical degradation of the textile dyes (2,13). In electrochemical treatment processes, organic pollutants could be removed from wastewater by indirect and direct mechanisms (13-17). Indirect oxidation occurs in the liquid bulk phase by the mediated oxidants, and direct oxidation at the anode surface (13-17). Most electrochemical processes are based on indirect oxidation because direct oxidation of organic pollutants are very slow on inert anodes due to limiting reactions and reaction kinetics (18, 19) . [ ] (28) investigated the effect of Na2SO4 electrolyte concentration on the removal of crystal violet dye by electrochemical oxidation using platinum anode. The authors also found that the decolorization rate increased and the process energy consumption decreased with the increase of Na2SO4 concentration.
In Figure 3 , the optimum region of lower than 10 kWh/kg dye decolorization and 95 kWh/kg COD removal energy consumption was determined at above 1200 mg/L Acid Violet 7 and between 5.5-13.9 g/L 75%NaCl+25%Na2CO3 electrolyte mixture. Although increasing current density increases electrochemical oxidation efficiency, increasing current density causes an increase in the energy consumption according to Equations 1 and 2.
In addition, applied current may be consumed by secondary reactions at very high cell voltages (16, 31) . In Figure 4 , the optimum region lower than 10 kWh/kg dye decolorization and 95 kWh/kg COD removal energy consumption was determined at below 10.5 mA/cm 2 current density and between 10.1-14.6 g/L 75% NaCl + 25% Na2CO3 electrolyte mixture.
Energy consumption values were obtained as 1. Optimum region for energy consumption in electrochemical oxidation of Acid Violet 7 textile dye using Pt/Ir electrodes (AV7=1200 mg/L, T=40°C, tdye=15 min, tCOD=120 min).
CONCLUSIONS
The evaluation of energy consumption in electrochemical oxidation of Acid Violet 7 textile dye was investigated using Pt/Ir anodes in the presence of 75% NaCl +25% Na2CO3 supporting electrolyte mixture. Energy consumption decreased with increasing textile dye concentration and electrolyte concentration, and decreasing the current density. Depending on electrochemical reaction conditions, energy consumption values were evaluated for textile dye decolorization (t=15 min) and COD removal (t=120 min) as 2.7-18.9 kWh/kg dye decolorization and 51.0-190.7 kWh/kg COD removal, respectively. The optimum region was determined for the energy consumption in electrochemical oxidation of Acid Violet 7 textile dye using Pt/Ir electrodes at lower than 10 kWh/kg dye decolorization and 95 kWh/kg COD removal. In this study, energy consumption values were obtained in a good agreement with the data reported in the literature. Experimental findings showed that electrochemical oxidation could be an alternative as a treatment method for textile wastewater effluent.
